This report describes an 84 year old woman who presented with breathlessness from platypnea-orthodeoxia. This was due to a distortion of a patent foramen ovale by lower thoracic vertebral fractures which allowed a right-to-left intracardiac shunt. The right-to-left shunt was, in this case, triggered by small bilateral pulmonary emboli. Platypnea-orthodeoxia is rare, complex, and underdiagnosed. The pathogenesis requires an anatomical substrate for a shunt and a functional component that triggers reversal of the flow across it. Recognition is critical and may prevent provision of sedation, invasive ventilatory support, and vasopressor; all of which actually exacerbate right-to-left extrapulmonary shunt.
IntroductIon
Platypnea-orthodeoxia is most commonly due to reversal of flow across a patent foramen ovale (PFO). This can be diagnosed at the bedside using echocardiography with agitated saline microbubble contrast. However, the use of this bubble contrast can cause transient worsening of hypoxemia. So, while this investigation should be considered for patients with unexplained positional hypoxia, it must be avoided in patients who are critically hypoxic.
Cure requires definitive correction of the anatomical substrate (i.e., PFO). However, platypnea-orthodeoxia may improve as the functional precipitant of the right-to-left shunt resolves. Anticoagulation is also important, particularly after a venous thromboembolism as paradoxical emboli may occur.
caSe rePort
An 84 year old woman was referred to the hospital by her general practitioner after seeing her for the second time in 2 weeks for breathlessness. Her symptoms had worsened despite a course of antibiotics for a suspected chest infection. Before this, her exercise tolerance had been good and she had been living independently in her own home.
Her medical history included a fall 2 years before this presentation. The fall had resulted in T9-T12 vertebral crush fractures and a fractured neck of femur for which she required a dynamic hip screw.
The patient reported breathlessness and bilateral, anterior, pleuritic chest pain but denied cough and fever. She was tachypneic (22 breaths/min) and cyanosed. Only SpO 2 of 85% could be achieved despite administration of 15 L/min oxygen through a nonrebreathing mask. Her heart rate was 96 beats/min (sinus rhythm), and blood pressure (BP) was 90/40 mmHg, but she was afebrile. Examination of her cardiovascular and respiratory systems was otherwise normal. Arterial blood gases were pH 7.42, PaCO 2 4.0 kPa, PaO 2 7 kPa (on 15 L/min O 2 via a nonrebreathing facemask), bicarbonate 25 mmol/L, and lactate 3.0 mmol/L. Although the patient tolerated a trial of continuous positive airway pressure, the hypoxia did not improve.
An electrocardiograph was normal and a chest X-ray demonstrated the thoracic vertebral fractures, but was otherwise unremarkable. However, computed tomography pulmonary angiography (CTPA) revealed small, bilateral, subsegmental pulmonary emboli (PE); [ Figure 1 ]. In view of albeit mild, hypotension, and severe hypoxia, she was transferred to the Intensive Therapy Unit (ITU) for further observation and thrombolysed with tenecteplase. This improved her BP and SpO 2 significantly.
The next morning, while asleep in the ITU, the patient's SpO 2 was 98% on 2 L/min oxygen through nasal cannula. However, on being sat out in a chair for breakfast, her SpO 2 unexpectedly dropped to 80% and failed to improve with high flow oxygen. As the patient was returned to bed, in preparation for initiation of ventilatory support, her SpO 2 rapidly improved to 100% as she lay flat. The patient was kept supine, and the supplemental oxygen was rapidly weaned back to 2 L/min. A bedside transthoracic echocardiogram revealed right-to-left interatrial flow on color Doppler (Qp: Qs 0.7) which was confirmed with saline bubble contrast [ Figure 2 ]. Cardiac catheterization demonstrated that the intracardiac pressures were normal and revealed that the PFO was too small to close.
Anticoagulation with warfarin was started and the patient was transferred out of ITU to the respiratory ward. The orthodeoxia gradually improved and serial echocardiography confirmed the reduction of the right-to-left shunt. Four weeks after presentation to hospital, the patient was discharged to a nursing home with supplemental oxygen as required for ambulation.
dIScuSSIon
Platypnea-orthodeoxia is a striking clinical syndrome, the principal symptom of which is dyspnea. It must be considered if dyspnea and hypoxemia are positional and paradoxically relieved when recumbent (platypnea) and exacerbated when upright (orthodeoxia). While this phenomenon can be caused by severe ventilation/perfusion pulmonary mismatching or pulmonary arteriovenous malformations; it is most commonly due to right-to-left shunt across an intracardiac communication. [1] Blood usually flows from the left-to-right across a shunt, down a pressure gradient. Theoretically, reversal should only occur in the presence of higher right-sided pressures. Remarkably, patients with platypnea-orthodeoxia usually have normal right heart pressures. [2] Hence, the pathogenesis of platypnea-orthodeoxia is complex and requires: [3] 1. An anatomical component (e.g. interatrial communication) 2. A functional component that a. preferentially directs blood flow through the anatomical component b. transiently increases right atrial pressures.
In the present case, the anatomical component was a PFO which was probably distorted by reduction in the patient's height when in the sitting position as a result of her thoracic vertebral fractures. The right-to-left shunt across the PFO which improved with anticoagulation and time is likely to have been precipitated by bilateral PE.
Although the prevalence of PFO is up to 25% within the general population, [4] this is underdiagnosed in critically ill patients. [2, 3, 5] In one series, nearly 20% of those with the acute respiratory distress syndrome (ARDS) also had moderate-to-large PFOs with shunting. [5] This cohort respond poorly to positive end-expiratory pressure (PEEP), are ventilated longer, receive more adjuncts to improve oxygenation, and have longer admissions in ICU. [5, 6] There are no data from randomized controlled clinical trials to guide decision-making in these patients. However, if required, it is important to recognize that PEEP may exacerbate right-to-left shunt and worsen hypoxia. [6] Hence, the best strategy is probably to target the lowest possible mean airway pressures by frequent titration of supplemental oxygen, plateau pressure and PEEP against O 2 saturation, hemodynamics, and arterial blood gases. As the shunt improves, higher levels of PEEP may be tolerated but may prevent closure of the PFO.
Reducing right atrial pressure relative to left atrial pressure may also help. This may be achieved pharmacologically with inhaled nitric oxide, milrinone, sildenafil, or nitrates. Noradrenaline in high doses may cause pulmonary vasoconstriction and trigger shunt reversal. [7] However, systemic vasodilation which reduces left-sided pressures should equally be avoided as it risks cardiovascular collapse in this context.
Recognition of platypnea-orthodeoxia by simply repositioning the patient recumbent may prevent the need for sedation, mechanical ventilation, and vasopressors. However, keeping the patient flat is not a viable long-term solution. While the altered physiology that triggered the right-to-left shunt must clearly be addressed; definitive treatment requires diagnosis of the anatomical substrate for platypnea-orthodeoxia.
Imaging can distinguish cardiac from pulmonary causes of shunt and define the anatomy. For example, CTPA and ventilation/perfusion scan can detect pulmonary abnormalities, and intravenous bubble contrast enhanced echocardiography can accurately demonstrate cardiac anatomy revealing the intracardiac shunt. [3] Microbubble contrast (10 ml) can be prepared by agitation of normal saline (8 ml) with air (1 ml) and a few drops of the patient's blood (1 ml) between two Luer lock syringes connected through a 3-way stopcock. When rapidly injected intravenously microbubbles within the saline should completely opacify the right heart. This appears as a "snowstorm" on two-dimensional echocardiography [ Figure 2 ]. The bubbles are normally filtered and disperse during passage through the pulmonary circulation. Hence, any bubbles appearing in the left heart within 4 cardiac cycles confirm the presence of a right-to-left intracardiac shunt. [3] Bubbles appearing "late" suggest that a pulmonary arteriovenous malformation is present. While the sensitivity of transesophageal echocardiography is greater than that of transthoracic echocardiography, this can be increased further with a Valsalva maneuver during administration of the microbubble contrast. Although there are rarely any complications associated with this investigation, bubble contrast may cause transient worsening of hypoxia and so should not be used in patients with critical hypoxia.
After identification of the anatomical substrate for the shunt, definitive treatment of platypnea orthodexia requires its closure. This may be achieved surgically or percutaneously. [3, 8] However, as demonstrated in this case, platypnea-orthodeoxia may improve spontaneously as the functional trigger for the right-to-left shunt resolves.
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